INTRODUCTION 28
With an average annual rainfall of <50 mm yr -1 , the western margin of the Central 29
Andes is one of the driest places on Earth. Today, this hyperarid climate is primarily 30 Discrimination between these models requires precise constraints on the timing of both 43
Andean uplift and the shift to a drier climate. Andean rivers within deeply incised canyons 44 that drain the flanks of the range provide an ideal opportunity to do just this because they 45 record regional changes in the balance between rock uplift and erosion (e.g. Lease and 46 Ehlers, 2013) . 47 each of which is accompanied by an increase in mean elevation (surface uplift). (1) An 50 increase in rock uplift rate, which causes rivers to steepen and incise in order to match the 51 higher rate. (2) A decrease in precipitation, which reduces river discharge, causing rivers to 52 steepen and incise so that they continue to erode at the same rock uplift rate. In both 53 scenarios, fluvial incision causes a downward migration of the water table relative to the 54 surface. Therefore, the position of the water table over time is intimately linked to local 55 river base level. 56
In this study, we constrain the downward migration of the water table in the Cerro 57
Colorado copper mine on the western flank of the Central Andes and use it to infer the 58 incision history of the adjacent Quebrada de Parca canyon (Fig. 1) . We use (U-Th)/He 59 dating of hematite precipitation to track a slow and steady lowering of the water table from 60 ~16 Ma to the present day at a rate of ~10 m Ma -1 . Based on geomorphic analysis of the 61 modern Quebrada de Parca river, models of landscape evolution, and correlations with 62 independent studies of rock uplift, climate change, and incision, we suggest that this 63 lowering is a direct response to fluvial incision triggered by a switch to drier climatic 64 conditions in the middle Miocene. 65
66

GEOLOGIC SETTING 67
The Western Andean Slope is one of five morphotectonic units that make up the 68 western margin of the Central Andes (Fig. 1) . Characterized by a relatively smooth surface, 69 it is thought to define the limb of a crustal-scale monocline accommodating differential 70 rock uplift of the Western Cordillera with respect to the Central Depression (e.g. The nine samples yielded 33 hematite precipitation ages ranging from 31 to 2 Ma, 114 defining two distinct age-elevation relationships ( Fig. 2 
GEOMORPHIC ANALYSIS OF THE QUEBRADA DE PARCA 146
While the (U-Th)/He results combined with the local stratigraphy constrain the onset 147 of canyon incision to ~16 Ma, they do not elucidate the driver for incision. To do this, we7 investigate two possible triggers: (1) tilting of the Western Andean Slope in response to 150 increased rock uplift of the Western Cordillera relative to the Central Depression; and (2) a 151 reduction in mean annual precipitation following a shift to a more arid climate. 152
The Quebrada de Parca exhibits a concave longitudinal channel profile with an inverse 153 relationship between upstream drainage area and local channel gradient (Fig. 3b) . 154 Therefore, to compare the relative steepness of different segments of the river, we use the 155 normalized channel steepness index (k sn , referred to henceforth as channel steepness), 156 which accounts for this co-variation and, in most landscapes, is directly proportional to the 157 rock uplift rate. In a linearized channel profile (Perron and Royden, 2013) , the river is 158 clearly defined by a steep lower segment and a shallow upper segment, separated by a 159 convex knickpoint at ~3250 m elevation (Fig. 3c) . Such a morphology is often indicative 160 of a dichotomy between two erosion rates where the downstream segment has steepened to 161 set a higher erosion rate while the upper segment continues to erode at a lower rate (Wobus 162 et al.
, 2006). 163
A convex knickpoint is also seen in a number of river channels adjacent to the 164 Quebrada de Parca at roughly the same elevation (Fig. 3a) . While these knickpoints could 165 be attributed to the presence of an active fault system, there is no obvious candidate for a 166 structure that could control this regional break in topography. The knickpoints would 167 require either an east-vergent thrust or an east-dipping normal fault to produce higher rock 168 uplift rates on the downstream side relative to the upstream side, but geologic maps suggest 169 that the faults in this location are west-vergent thrusts (Sernageomin, 2003) . The 170 knickpoints are also not controlled by differences in bedrock as they are found within both 171 plutonic and volcanic rocks alike and do not coincide with any mapped geological 172 contacts. spatially uniform decrease in precipitation rate (Fig. 4 and Data Repository DR5). 192
Our experimental results demonstrate that a linear upstream increase in rock uplift rate 193 will produce an above-average river concavity (e.g. Kirby and Whipple, 2001), but not a 194 discrete convex knickpoint (Fig. 4a) . This suggests that there has been no significant 195 differential rock uplift along the Quebrada de Parca since ~16 Ma. Instead, we find that the 196 stepped morphology of the river can be produced by a spatially uniform decrease in 
